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57 ABSTRACT 

Multi-bit image edge enhancement method and appara 
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45) Date of Patent: 
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Mar. 7, 1995 

tus wherein a group of gradient mask matrices are ap 
plied to a "current matrix', wherein a TBAP (To Be 
Adjusted Pixel) is surrounded by neighboring pixels, to 
determine if the TBAP is at a location where a change 
of brightness occurs. From this matrix operation, a 
conclusion is derived as to the existence or non-exist 
ence of an edge and the direction of the brightness 
change. The current matrix and a predetermined num 
ber of previously evaluated and yet to be evaluated 
pixels are then compared to a set of reference bit pat 
terns which depict possible segment changes to be cor 
rected. If the result indicates that the TBAP is on an 
edge of a changing edge segment, a corresponding code 
will be generated to modify the TBAP to enhance the 
smoothness of a segment transition. In the case of an 
electrophotographic or a gray scale printing machine, 
the specific code will change either the location or the 
size of the TBAP; whereas in the case of a monochrome 
screen display, the specific code will change the inten 
sity of the TBAP. 

38 Claims, 25 Drawing Sheets 
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Derived Weighted N 

Gradient Mask 
w+ E Matrix Operation 

bitmap pattern gradient mask 

1. (-1) denotes "inverter" in logic circuit, or NOT in boolean expression 
2. (a 0 b) denotes (a AND b) in boolean expression 
3. When b-(-1), (a 0 b) = (a) 86 

? 

Result from example above: 
(1)-(0) + (1)-(1) + (0)-(-1) + (1)(0) + (1)-(1) + (0)-(-1) + (1)-0) + (1)-(1) + (0)-(-1) 
0 + 1 + (-0) + 0 + 1 + (0) + 0 + 1 + (-0) 
0 + 1 + 1 + 0 + 1 + 1 + 0 + 1 + 1 
6 

... Gradient toward East exists. 
This TBAP is defined to be on the East Segment (E-Seg). 
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4. He means brightness change. 
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3. SouthEast-South Segment 
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Note: 

1. (-1) in Gradient Mask means "inverter" in logic circuit. 
2. * means spatial Convolution. 
3. X means "don't care" (either 0 or 1). 
4. --> means brightness change. 
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4. Segment change being detected, generate a specific code to Address Generator 
based on the segment type and segment change location relative to TBAP 
location. 

5. Address Generator encodes the specific code, generates address to Lookup ROM. 

6. Lookup ROM outputs control signals to Modulation Logic. 

7. Modulate TBAP according to the control signals. 
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MULTI-BIT MAGE EDGE ENHANCEMENT 
METHOD AND APPARATUS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates generally to apparatus and 

methods for controlling dot matrix output devices, such 
as cathode ray tubes and dot printing devices, e.g. laser 
printers and the like, to enhance edge representation 
when an image of an object is converted from gra 
phical/mathematical format to display or print device 
format (a series of dots/pixels). More particularly, the 
present invention is directed to an improved implemen 
tation of weighted gradient work theory and associated 
logic used to provide image edge transition smoothing 
of both gray scale and text images in an efficient real 
time image enhancement system. 

2. Brief Description of the Prior Art 
In the field of image processing, research efforts have 

concentrated in the area of improving visual effects of 
object representation on output devices. Edges of origi 
nal image objects, such as text, curves, boxes, and oth 
ers, can be approximated by either linear or exponential 
equations. When these objects are digitized and con 
verted into a matrix format which the output devices 
can accept, the integrity of the edges is usually compro 
mised to fit the image objects into the device grids. The 
resulting staircase effects are quite visual to human 
perception in most of the commercially available prod 
ucts which have either low or medium resolutions. 
The approximated appearance can be enhanced by 

locating the jagged edge segments and correcting the 
segment transition, or by increasing the device resolu 
tion to minimize the visual distortion to the degree that 
the naked eye can not differentiate the transition. How 
ever, increasing device resolution requires larger mem 
ory storage for the bitmap representation. The extra 
cost incurred by the memory is not desirable for general 
commercial products. 

U.S. Pat. No. 4,321,610 issued to Moore et al. and 
entitled "Dot Matrix Printer with Half Space Dot Ca 
pability', discloses a technique which utilizes a half-dot 
character memory matrix and a shift register to enhance 
edges by coupling a half dot with an edge dot. This 
method at best enhances the resolution by a factor of 
two at the expense of extra memory storage and em 
boldening result. 

U.S. Pat. No. 4,847,641 issued to Tung and entitled 
"Piece-wise Print Image Enhancement for Dot Matrix 
Printers' discloses a template matching method to cor 
rect error cells. Tung's invention utilizes the more re 
cent pattern recognition and template matching process 
generally known in the image processing field; it is by 
far the most efficient way to enhance jagged line ap 
pearance. However, template matching and the com 
pensation cell method limits its feasibility to use in 
monochrome devices only. While gray scale devices 
may share many similarities with monochrome devices, 
Tung's method would not be able to identify different 
gray patterns. 

In a recent study of image segmentation and improve 
ment, reported in the textbook entitled Digital Image 
Processing by Rafael C. Gonzalez and Paul Wintz (Ad 
dison-Wesley Publishing Company, 1977), weighted 
gradient mask matrices are applied to identify segments 
of an object by detecting changes in brightness. Due to 
the nature of complex matrix multiplication, this ap 
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2 
proach is recommended for remote usage for military or 
research purposes where computation power is suffi 
cient and time is not a concern, but never in real time 
applications where segment recognition and modifica 
tion need to be accomplished before the next pixel is 
displayed or printed. 
As disclosed in U.S. Pat. No. 5,029, 108 issued to 

James C.Y. Lung and entitled “Edge Enhancement 
Method and Apparatus for Dot Matrix Devices' it has 
been found that with selective entries in the gradient 
mask matrices, a simplified formula can be implemented 
to use the weighted gradient mask matrices to enhance 
the output of an electrophotographic printing machine 
or computer monitor display. This approach serves as 
an improvement over the prior art template matching 
methods which are not flexible in enhancing the gray 
scale applications. In order for the weighted gradient 
matrices to operate on gray scale objects, the entries of 
the matrices would range from 0 to 1 in any fractional 
increment manner, theoretically speaking. However, in 
real-time applications where limited computation 
power is a constraint, having fractional entries for gra 
dient matrices requires complete matrix operations, 
Such as multiplication, which extend beyond the usage 
of simple AND and INVERTER logic and therefore 
impose a restriction of the usage of the apparatus. 
As outlined in the examples of the Lung patent, by 

confining the entries to two discrete values, 0 and 1, the 
disclosed method and apparatus can enhance edges 
along segment transitions with simplified logic to re 
duce the computation complexity. However, there con 
tinues to be a need for a similar apparatus and method 
which preserves the simple logic manipulation with 
modified weighted-gradient-matrix operations but fur 
ther includes means for achieving gray scale edge en 
hancement. 

SUMMARY OF THE ENVENTION 

The present invention provides a technique for de 
tecting the presence of edges in image data and then 
determining if the detected edge is part of a segment 
transition. Based on the finding, the edge data is modi 
fied either by repositioning related dots, or by altering 
the dot size so that a more accurate reproduction of the 
image can be generated by monochrome and gray scale 
devices. 

In accordance with the present invention, video 
image data containing text, line art, or gray scale infor 
nation is passed through a "pixel extractor' logic unit 
with a predetermined threshold value. The image data 
with a "brightness value' greater than or equal to the 
threshold value will be extracted out to be further ex 
amined for the presence of an edge transition. This pixel 
extractor unit serves as a filter for multi-bit video input 
data to be converted into a bi-level representation. The 
extracted bi-level image data are input to a temporary 
FIFO storage where a group of gradient mask matrices 
are applied to a "current matrix' wherein a TBAP (To 
Be Adjusted Pixel) is surrounded by 8 neighboring 
pixels, to determine if the TBAP is at a location where 
a change of brightness occurs. From this matrix opera 
tion, a conclusion is derived as to the existence or non 
existence of an edge and the direction of the brightness 
change. The current matrix and a predetermined num 
ber of previously evaluated and yet to be evaluated 
pixels are then compared to a set of reference bit pat 
terns which depict possible segment changes to be cor 
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rected. If the result indicates that the TBAP is on an 
edge of a changing edge segment transition, a corre 
sponding code will be generated to modify the TBAP 
to enhance the smoothness of a segment transition. The 
modified TBAP is encoded as a percentage to signify 
the change to be applied to the original multi-bit data. In 
accordance with the present invention, the modified 
TBAP is further corrected as a function of the signal 
level of the corresponding video image data. Thus, a 
modified TBAP with a 60% value for an original 50%- 
gray dot will result in a final 30%-gray dot, whereas the 
same 60% modified TBAP for an original monochrome 
black dot will result in a smaller dot size equivalent to 
60% of a full dot. The modification of the size of mono 
chrome dots and the gray shading of gray scale dots 
will create smoother edge segment transition and cause 
the edge to appear less jagged than the unaltered repre 
sentation. Ultimately, this technique offers a visual ef 
fect equivalent to that provided by a higher resolution 
device without employing as much memory as would 
be required in the high resolution device. 

This derived weighted gradient mask matrix uses 
AND and INVERTER logic for the matrix convolu 
tion process to eliminate CPU-intensive addition and 
multiplication calculation. By further including a pixel 
extractor device and associated ratio correction logic, 
the same efficient algorithm can be applied to mono 
chrome and gray scale devices alike. Therefore, a sys 
tem utilizing the present invention can achieve higher 
output quality in real time applications. 

Furthermore, the present circuitry design provides 
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for inclusion of a number of modulation registers for 
accommodating output-engine-specific, pulse-width/- 
dot-size relationship. The present circuitry can also 
support an external ROM (Read Only Memory) or 
PAL (Programmable Array Logic) device to store 
additional information for fine-tuning the adjustments 
to be made in individual output devices. This modulized 
design extends the flexibility of this present invention 
and offers a general solution to serve various devices, 
while it preserves the uniqueness of each dot-printing 
machine. 

IN THE DRAWING 

FIG. 1a illustrates a typical change in brightness and 
its visual effect; 

FIG. 1b illustrates the definition of an "edge' as a 
point in space where its value of brightness differs from 
its neighboring point; 

FIG. 2a is a diagram illustrating a prior art bitmap 
representation of an area after a "grid fitting' process. 
The round darker dots represent pixels that are turned 
“ON” whereas the lighter shaded area illustrates the 
brightness change as perceived by the human eye; 
FIG.2b is a diagram illustrating the bitmap represen 

tation of FIG.2a after edge enhancement in accordance 
with the present invention. Dots ranging from 
50%-80% which were turned “ON” as full dots in FIG. 
2a, are now adjusted to enhance the smoother represen 
tation of the edge. The 30% dot, which in FIG. 2a was 
not an “ON” pixel, is now adjusted to enhance the edge; 
FIG. 3a outlines 4 possible slopes of defined “seg 

ments' in digital applications; 
FIG. 3b illustrates an example of an object composed 

of a plurality of edge segments 1-10; 
FIG. 4a is a diagram showing the mathematical defi 

nition of a "vertical edge segment” as used in the pres 
ent invention; 
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4. 
FIG. 4b shows an example of an unmodified step 

transition if a vertical edge segment and a correspond 
ing edge-enhanced vertical segment; 

FIGS. 5a and 5b are diagrams illustrating "horizontal 
segments' as contrasted with the vertical examples 
depicted in FIGS. 4a and 4b. 
FIG. 6 illustrates how laser beam pulse manipulation 

can yield various results in a single pixel; 
FIG. 7a illustrates the Gradient Mask convolution 

concept and the general formula applied in gradient 
mask matrix operation; 
FIG. 7b illustrates the simplified, derived format of 

the weighted gradient mask, and the rules used in the 
present invention for edge detection; 
FIGS. 8a and 8b are examples of how the rules and 

formula are applied, and the results of derivation; 
FIG. 9a is a block diagram illustrating the major 

building blocks of a laser printer controller; 
FIG.9b is a block diagram illustrating the data flow 

within a predecessor edge enhancement apparatus; 
FIG. 10 is a logic flow chart depicting the segment 

detection and decision making process of the apparatus 
depicted in FIG. 9b, 
FIG. 11 shows an example of segment detection by 

examining the past and future trend of the current edge; 
FIG. 12 is a chip design block diagram of the FIG.9b 

apparatus showing the relationship of edge enhance 
ment circuitry and signals; 
FIG. 13 is a block diagram depicting the pulse width 

modulation components of a modulation subsystem of 
the FIG. 12 apparatus; 
FIGS. 14 and 15 illustrate an example of how the 

FIG. 12 apparatus preserves the unique property of an 
individual electrophotographic printing machine under 
the general formula; 

FIG. 16 is a block diagram illustrating the data flow; 
FIG. 17 is a logic flow chart of the pixel extractor; 
FIG. 18 depicts an example of how a 4-bit input gets 

converted to a bi-level format; 
FIGS. 19a–19b illustrate an example of data conver 

sion along an ideal edge of a gray scale image, the size 
variations representing gray levels if the examples were 
to be printed by gray scale-capable devices; and 

FIG. 20 illustrates a conceptual flow of the pixel 
extractor unit identifying edge segments and the even 
tual edge-enhanced result. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The present invention can be applied to various dot 
matrix devices, such as cathode ray tubes, electrophoto 
graphic printing machines, etc., to enhance the edge 
smoothness of the images generated or reproduced 
thereby. The particular apparatus described herein is an 
application specific integrated circuit (ASIC) for laser 
printers, realized by implementing the present inven 
tion. However, it is understood that the invention can 
be adapted for use in other dot matrix devices to en 
hance edge appearance using the same technique. 
Dot matrix devices produce output in bitmap formats 

to be displayed on a CRT or printed on paper or other 
hard media. In the process of digitizing data into bit 
maps, a certain degree of loss in precision is inevitable. 
Furthermore, after the "grid fitting' process of putting 
the digitized data into the device framework, further 
data loss is introduced. Therefore, visible distortion in 
the final representation is normally found across the 
spectrum of the various types of low to medium resolu 
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tion devices. Typically, the distortion is most obvious 
near edge transitions, where brightness changes from 
one level to the other. 
Predecessor Edge Enhancement Technology (EET) 
The method and apparatus disclosed in U.S. Pat. No. 5 

5,029,108 teaches implementation of an edge enhance 
ment algorithm which locates edge segment transitions 
and changes in brightness, and sharpens the edge repre 
sentation in various subdot combinations. Since the 
EET apparatus, sometimes referred to as an Edge En- 10 
hancement Sensor (EES), forms a part of the present 
invention, the disclosure of the above-identified patent 
is repeated herein and includes the depictions of FIGS. 
1-15. 
The human eye is usually more sensitive to changes in 15 

color, shades, depths, than to a continuous area wherein 
no variation is present. FIG. 1a shows one example of 
an area including transitions between seven different 
shades. Looking briefly at this image, one will note that 
the eyes pay more attention to the edges where shades 20 
change than to any difference in shade. In FIG. 1b, a 
small square area 100 of a changing edge is enlarged to 
illustrate the edge 101 demarking a transition from a 
30% gray level region 102 to a 50% gray level region 
104. The small squares represent the device grids (pix- 25 
els) with the ideal edge 101 passed through. An objec 
tive of the present invention is to adjust the final output, 
with all device limitations taken into consideration, so 
the near ideal edges are reproduced. 

In a digitizing and grid fitting process as illustrated at 30 
114, a dark object with a left edge inclined at an angle 
near 45 will be placed in the device frame to be dis 
played or printed, as shown in FIG.2a. The actual, or 
ideal, edge 112 of this object is distorted in the process 
of bitmap conversion. More specifically, a pixel that has 35 
50% or more of its area covered by the dark object is 
determined to be an “ON” bit, as depicted at 110 for 
example. However, a pixel having less than 50% of its 
area covered by the object is identified as an “OFF' bit, 
as depicted at 111. Thus, a printout or display of this 40 
representation forms a jagged edge rather than the 
straight edge 112. The lighter shaded area 116 in FIG. 
2a represents the resulting shape of the object as per 
ceived by the human eye. The EET apparatus enhances 
the edge representation so that it appears substantially 45 
less jagged as depicted in FIG. 2b. 

In the EET apparatus, the jagged edge in FIG. 2a is 
adjusted by the insertion or substitution of various 
smaller dot sizes 122 to smooth the edge. The dotted 
lines 120 in FIG.2b indicate where a full dot in FIG. 2d 50 
is now shrunk to a smaller size dot 122, and a 30% dot 
124 is added to pad the area which normally would not 
have been an ON pixel. As illustrated at 126, the adjust 
able dot size of the present invention can vary from to 
1/32 of a full dot. By varying the dot size to enhance 55 
edges, as indicated at 128, a smoother edge representa 
tion can be achieved. 
An edge segment is defined as a series of adjacent, 

aligned dots which collectively define a line having the 
same slope. There are four kinds of segments in a digital 60 
system: 90, 0°, -45, and 45, as depicted in FIG. 3a 
Any other slopes can not be represented perfectly in 
digital format without staircase distortion. The example 
illustrated in FIG. 3b, shows a contour which is com 
posed of 10 segments 1-10. 65 

In FIG. 4a, two types of transitions between seg 
ments are illustrated. Each type includes two vertically 
disposed but laterally displaced segments. Pixel dots P. 

6 
y+ 1130 and Pry 132 of FIG. 4a belong to the same 90' 
segment. Pixel dots P-1, -1134 and P-1, -2136 are 
likewise two pixels of a 5 dot segment. P., 132 and 
P-1, -1134 form a segment change. 

In a dot matrix device, all edges can be broken down 
into segments. One segment can comprise any number 
of dots. In FIG. 4a type #1 is a near straight vertical 
line. The mathematical 4 model to represent the line is: 

In FIG. 4a type #2 represents the other possible 
vertical segment transition, which can be expressed as: 

Since a segment can be composed of any arbitrary 
number of dots, the following equation can be used to 
include all type 1 jagged vertical lines: 

And the summation of all type 2 can be expressed by: 

The equations for horizontal cases (FIG. 5a) are: 

O 
HLl (NM) = nFM P-ny + mi Px+my+1 

O 
HL2 (NM). e FM Px-ny -- mi Fx+my+1 

Similarly, the summation of all the type 1 and type 2 
jagged horizontal lines can be expressed as: 

The allowed input values for N and M determine the 
pixel input capacity of sampling circuit. In order to use 
the present invention in a real time application, N and M 
can not be too large. 
To show how the equations work with the segment 

concept, FIG. 3b will be used as a reference. Let the 
notion of SEG(m-n) indicate the transition from an 
arbitrary segment #m to segment #n. The jagged 
SEG(5-6), SEG(7-8), and SEG(8–9) of FIG. 3b must 
be smoothed, while SEG(1-2), SEG(4-5) and SEG(- 
6-7) are left alone. However, SEG(2-3), SEG(3-4), 
SEG (9-10), and SEG(10-1) are optional to the imple 
mentation. The above equations can be applied to detect 
these segment changes with some appropriate N and M 
values. 
An Edge Enhancement Sensor (EES), to be further 

described below, is implemented to locate and improve 
edges. Within the EES structure, a Segment Change 
Detector (SCD) is used to determine if there is any 
change about a current pixel by tracing the history and 
the future of each segment. The above equations are 
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embedded in the Segment Change Detector system to 
evaluate the edge condition. 
Once a segment change is detected and this change is 

determined to be an effective change, such as SEG(5-6) 
in FIG. 3b, then an appropriate modulation signal will 
be generated to modify the TBAP by changing its 
width, height, or both. In FIG. 4b, the TBAP 140 is on 
the edge of a changing segment. It is thus replaced by 
three subdots 141 and coupled with another a subdot 
142 for its adjacent pixel. Therefore, to the human eye, 
a full size dot appears to be shifted to the right a distance 
equal to of a regular pixel width. Similarly, when the 
next line is evaluated and pixel dot 143 becomes the 
TBAP, it is replaced by two width subdots 144 and 
two additional width subdots 145 are added to the 
adjacent pixel. This gradual movement of dots and 
subdots thus provides the intended edge enhancement. 
FIGS. 5a and 5b illustrate the horizontal example of 

segment detection and edge enhancement. In FIG. 5b, 
the TBAP 160 is modified to provide a 75% dot visual 
effect with one full pixel width and smaller height. 
Whereas pulse width modulation can be used to modify 
the width of a pixel dot, as illustrated at 167 in FIG. 6, 
to achieve a flatter dot in a laser printer, two signal 
pulses 166 which in combination give the desired en 
ergy level are used in the place of one pixel signal. For 
example, in FIG. 6 two smaller dots 164 overlapping 
each other create the illusion of a single flat dot 165. 
Due to the characteristics of the laser printer drum 
mechanism, the two narrow pulses 166 not only shrink 
the width of each dot 164 but also the height thereof. 
However, if the energy level peaks through the thresh 
old, a shorter than full width pulse 169 still yields the 
full height dot 168. 

All prior art resolution enhancement or edge in 
provement systems use similar architecture approaches: 
first they locate the trouble area, then they improve the 
situation. In the EES, the equations mentioned above 
serve to define segments while weighted gradient masks 
determine the directions of changes. 
A Gradient Mask is an "axb' matrix wherein a and 

b are integers and particular weights are given to a 
pre-determined matrix of bit cells, so that a particular 
type of gradient change can be identified. Gradient 
changes introduce edges. Thus the EES is used to en 
hance edges. 
The mathematical way to apply a weighted gradient 

mask 174 (FIG. 7a) to a particular matrix or bitmap 
pattern 172 is not the standard matrix operation. In 
stead, the two matrices are convolved by a convolution 
operator as described in FIG. 7a. Specifically, the value 
of each cell in the first matrix is multiplied by the value 
of the cell in the same location of the second matrix. 
The sum of the multiplications then yields a value 
which can be used to determine the direction of the 
gradient. The entries for each cell of the subject matrix 
can be numbers that represent different colors, intensi 
ties, or gray shades. The entries for the cells of the 
gradient masks are numbers which carry different 
weights to distinguish various gradients. 
An ASIC (application specific integrated circuit) for 

laser printers, only needs to handle black and white. 
Since black and white are two discrete levels and there 
is nothing inbetween, 1 and 0 are respectively used to 
represent a black, or “ON” pixel and a white, or "OFF' 
pixel Rather than using complex multiplication, a new 
weighted gradient mask operation is derived to use 
boolean operations as illustrated in FIG. 7b. Thus the 
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8 
calculations are narrowed down to just boolean AND 
and NOT operations as expressed at 188 to extract the 
gradient features that used to be used in the standard 
convolution methodology. The circuitry is also simpli 
fied. The result is that the method can now be imple 
mented in real time applications which were previously 
considered inapplicable in prior art systems. 
The detailed flow is carried through by using the 

example in FIG. 8a: Suppose segment condition of the 
current pattern 172 (a 3x3 pixel matrix) to be deter 
mined is convolved with a particular gradient mask 174 
which is configured to detect an East Segment (E-Seg), 
ie., a segment transitioning from dark to light in the East 
or right side direction. Each pre-determined gradient 
mask has an ideal number associated with it which indi 
cates detection of a segment having a corresponding 
condition. If the associated ideal number results from 
the application of a particular gradient mask, then the 
particular condition 194 is identified, that is, the direc 
tion of the gradient change of a current pattern is de 
tected. Since each gradient mask has at least some Os to 
offset certain insignificant cells 202, the notation “X” is 
used. These 'X' cells can have either 0 or 1 values, 
which will make no difference in the outcome, because 
the Os in the gradient mask would not offer any weight 
to them. In order to determine if the Os and Is form the 
tested for gradient, a "-1" notation is introduced (as 
shown at 200) as a NOT in the boolean expression. Any 
cell in the current pattern matrix which is operated 
upon by the “-1' will be inverted. Thus, only Os in the 
current pattern matrix will contribute weight when 
operated upon by “-1's. Should the resulting weight 
be less than the ideal number associated with the partic 
ular gradient mask, then no match will be found and the 
current pattern will be tested against another in the set 
of pre-determined gradient masks stored in the appara 
tus. FIGS. 8a and 8b show only a subset of those gradi 
ent masks used in the apparatus to detect the horizontal 
and vertical transitions. It is to be understood however 
that in accordance with the present invention a com 
plete set of predetermined gradient masks can be exe 
cuted concurrently. 

FIG. 9a is a simplified block diagram outlining the 
principal functional components of a laser printer and 
its controller 281. As is well understood in the art, after 
the laser printer interpreter 282 has parsed and pro 
cessed the symbolic page objects, the physical page is 
converted into bitmap format and temporarily stored in 
the frame buffer 300. The frame buffer 30, as is more 
clearly shown in FIG. 9b, shifts out the bits to Edge 
Enhancement Sensor (EES) 316 so that they can be 
monitored for edge enhancement. The incoming bit 
stream is stored in a temporary storage, a first-in-first 
out (FIFO) memory buffer 302 (FIG.9b). Within this 
buffer, a predetermined bit location is assigned as the 
TBAP (to-be-adjusted-pixel). This TBAP is in the cen 
ter of a 3x3 pattern matrix which will be convolved in 
a gradient mask edge detector 304 with a set of gradient 
mask matrices to detect the existence of an edge seg 
ment. The result of the convolution also indicates the 
direction of gradient change, and based on the direction 
given, the bit pattern matrix is classified as either a 
horizontal or vertical pattern. A horizontal pattern is 
one which includes a horizontal edge segment. A verti 
cal pattern is one which includes a vertical edge seg 
ment. Horizontal and vertical groups are also defined. 
A horizontal group includes a horizontal pattern, a 
predetermined number of previously evaluated bits 
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(pixels) (366 in FIG. 11) and a predetermined number of 
yet to be evaluated bits (pixels) (367 in FIG. 11). Hori 
Zontal and vertical sets of reference bit patterns, each 
pattern of which includes a pattern of bits correspond 
ing to one possible combination of bits aligned in one or 
more segments, are also provided for. Once the pattern 
matrix is determined to be either vertical or horizontal 
and its corresponding group is identified, the HLINE or 
VLINE 408 (FIG. 12) is activated accordingly, and a 
comparison is made by either vertical detector 428 or 
horizontal detector 430. All reference bit patterns in a 
particular group are simultaneously compared bit by bit 
to the bits of the group including the present pattern 
matrix, the previously evaluated bits 366 and the yet to 
be evaluated bits 367. The comparison will decide if the 
TBAP needs to be modified. If a modification is re 
quired for this TBAP, the address generator 308 (FIG. 
9b) generates an address code identifying where the 
associated modulation instruction resides. The modula 
tion instruction is then processed by the modulation 
logic 312 to alter the original signal and output a modu 
lated video signal 314. If there is no match found during 
the group comparison operation, then there is no modu 
lation required. FIG. 10 shows the logical decision 
making process. 
Most laser printers are similar in their mechanism and 

functions, although the relationship of laser beam mech 
anism and drum varies somewhat from different engine 
models and manufacturers. The EES offers the flexibil 
ity of supporting multiple output devices and their 
unique pulse-width/dot size relations by allowing an 
external ROM or PAL device to be included in Look 
Up Table 310. This external ROM/PAL device can 
store more modulation instructions than the existing 
apparatus to give some laser driving engines further 
precision control, while still keeping the cost low for 
most engines having near standard characteristics. 
To synchronize the process so that all edge enhance 

ment steps for one TBAP can be accomplished in real 
time before the next pixel arrives, the present apparatus 
outlined in FIG. 12 accepts on input 400 the /BD (beam 
detector) signal from the engine, as well as the 
/VDOCLK (video clock) input on line 414. Since the 
same clock source is needed to synchronize the printer 
controller functions, /HSYNC (horizontal sync. signal) 
input at 402 and DOTCLK input at 404 are passed to 
the printer controller 281 (FIG. 9a). The VDOCLK 
signal 414 has R times higher frequency than DOTCLK 
404 which is used by the printer controller, the 
/VDOCLK 414 is thus divided by R in divider 422 to 
give the DOTCLK signal the correct frequency. The 
value of R is a variable which will be used to divide a 
full size dot by 2R. For example, if R=5, then one full 
size dot can be divided into 10 subdots for various com 
binations. The practical integers for dividers for this 
kind of application are from 1 to 16, which will yield 
subdot size from to 1/32. However, the bigger the 
divider, the higher the resolution and video frequency. 
The video image data VDOIN signal 406 is passed 

from the printer controller and stored temporarily in 
the FIFO 302. The current pattern matrix with the 
TBAP is then convolved at 304 with the gradient masks 
to effect edge detection and is then compared with 
either the vertical group or horizontal group of data in 
detectors 428 and 430, respectively. There is a prede 
fined lookup table 432 built into the apparatus for the 
appropriate modulation code associated with the cur 
rent condition. Furthermore, as mentioned earlier, an 
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external lookup device (addressed via line 410) can be 
attached for more flexibility. The instruction code of 
the desired modulation from either the default lookup 
table 432 or the external lookup (input on line 412) table 
is then input to the modulator subsystem 312. 

Referring now to FIG. 13, the modulator 312 re 
ceives at least one input, or perhaps two if an external 
lookup table ROM/PAL is installed, which are input to 
the multiplexer 504 to generate a resulting code for 
input to modulation registers 506. The modulation reg 
isters 506 are programmable registers which can be 
initialized by the printer controller at power-on time. 
The data stored in these registers are implementation 
dependent. For example, as shown in FIG. 14, two 
sample registers can have different signal combinations 
550-556 stored therein. This example illustrates the case 
wherein one dot is divided into 16 subdots by setting R 
in the divider 422 (FIG. 12) to 8. Each modulation 
register in 506 (FIG. 13) is indexed by the instruction 
input thereto from the multiplexer 504 and an associated 
address code which points to the desired signal location 
to use (see FIG. 15). The desired signal will replace the 
original TBAP signal in the modulation logic 508 and 
send out the final modified video signal (VDOOUT) on 
line 314. 

Since the EES utilizes a simplified weighted gradient 
mask matrix operation, the entries of matrices are lim 
ited to either 0 or 1. As indicated above, the benefit of 
this binary approach is that the computation scope can 
be narrowed down to two logic operators-AND and 
NOT (an inverter in circuitry building); however, the 
inherited disadvantage of the EET method is that only 
1-bit monochrome image data can be processed and 
enhanced. 
The Improved Edge Enhancement Method and Appa 
ratuS 
The present invention improves upon the EET appa 

ratus allowing it to accept multi-bit data structures so 
that gray scale images as well as monochrome objects 
can both be caused to have smoother edges as they are 
printed or otherwise depicted. 
Turning now to FIG. 16, a block diagram illustrating 

the present invention is depicted. At the outset it will be 
noted that the EET component 600 in the diagram of 
FIG. 16 includes the principal functional components of 
the EET apparatus depicted in FIG. 9b. More specifi 
cally, it includes a FIFO 602, an Edge Enhancement 
Sensor (EES) 604 with Edge Detector 606 and Segment 
Change Detector 608, an Address Generator 610, and a 
Lookup Table 612. These components function as de 
scribed and depicted above in FIG. 9b and subsequent 
figures and develop an enhanced data signal (modifica 
tion signal) at 622 which is either of a first state (1) or a 
second state (0). If the signal is of the first state, its 
duration may be a fractional part of the pixel data per 
iod. In accordance with the present invention, pixel 
extractor 614 is added between the input signal bus 616 
and the input to FIFO 602, and serves to convert each 
multibit (M-bits) video input signal input on bus 616 to 
a two level (bi-state) signal, the data state of which is 
determined by its relation to a predetermined threshold 
signal level. This is to say that if the value of the M-bit 
signal is equal to or exceeds the threshold, a '1' is out 
put, otherwise a “0” is output. This enables the EET 
Component 600 to function in the manner previously 
described. 
A Ratio Corrector 618 responds to a corresponding 

multibit video signal stored in latch 620 and operates to 
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modify the enhanced data signal developed at 622 such 
that its duration is reduced in proportion to the gray 
scale value of the corresponding M-bit signal, and the 
resulting compensated signal is used to drive a Pulse 
Generator 624, the output of which is coupled into one 
input of a Multiplexer 626. The compensated signal 
appearing at 623 is also input to a first input of a second 
multiplexer 628. 
As indicated, the M-bit video input at bus 616 is also 

input to a second input 630 of multiplexer 628 and into 
a “gray palette' lookup table 632 which converts the 
M-bit signal into a binary signal, the duration of which 
is a fraction of the pixel signal period proportional to 
the gray scale value of the M-bit signal. The output of 
gray palette 632 is thus in the same form as the output of 
pulse generator 624 and is suitable for driving a marking 
engine such as that used to drive a laser beam printer. 
The multiplexers 626 and 628 respond to signal com 
paritors 634 and 636 respectively and serve to select one 
of the two inputs to MUX device 626 for input to the 
marking engine, and in the case of multiplexer 628 to a 
gray scale engine of the type used in high end type-set 
ting machines and the like. In accordance with the pres 
ent invention, the comparators generate control signals 
which cause their corresponding MUXs to select the 
compensated signal for input to their engine if the com 
pensated signal is HI for any part of its pixel period, and 
to select its alternate input if the compensated signal is 
LO for the entire pixel period. 
The logical operation of pixel extractor 614 is de 

picted in FIG. 17 and, as suggested above, serves to 
determine whether or not the multibit video input is. 
greater than or equal to a preselected threshold level. If 
the level is not greater than or equal to the threshold 
level, then the pixel signal is set to a “0” level and stored 
in the FIFO 602. If, on the other hand, the video input 
is greater than or equal to the threshold level, then the 
pixel signal is set to a “1” and input to FIFO 602. This 
operation is continued for each multibit video input 
signal identifying a single pixel of the serially input data. 
The operation can alternatively be depicted as repre 

sented in FIG. 18 wherein a four bit hex format video 
input data stream is shown input to the pixel extractor 
represented by box 614 where it is compared to a 
threshold point 615 and the extracted binary output 
signal is generated at 617. 
To contrast operation of the present invention with 

that of the above identified Lung patent, reference is 
made to FIGS. 19a and 19b, and to FIGS. 2a and 2b. 
Note that whereas in FIG.2a all data is characterized as 
being either black or white, in FIG. 19a the data is 
depicted by dots of various sizes representing the corre 
sponding gray scale data content of each pixel. As in the 
prior Lung system, in order to improve the jagged edge 
of the depicted image and make it better conform to an 
ideal edge (112 in FIG. 2a and 640 in FIG. 19a), the 
sizes of various dots are modified and/or additional dots 
are added to pixel locations not initially containing such 
dots. The difference, however, is that whereas the mod 
ified dots depicted in FIG.2b are in the form of percent 
ages of full dot size, the dots developed in accordance 
with the present invention and depicted in FIG. 19b are 
in the form of percentages of gray scale dot size. 
More specifically, in accordance with the present 

invention, the jagged edge generated from the digitizing 
and grid fitting process and reflected in FIG. 19a are 
compensated by altering the gray level of dots 642 and 
644 which appear along the ideal line 640, and/or by 
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12 
adding extra gray dots to pixel sites 646 and 648 to 
simulate a smoother edge representation. Such alter 
ations are depicted in FIG. 19b at 643 and 645, and at 
647 and 649. 
The maximum dot size (650) fitted in the pixel grids 

652 characterizes a 100% gray level (i.e. a black dot) 
whereas a smaller shaded dot 654 bounded by a dotted 
full size dot circle 656 characterizes a percentage of max 
gray. The value of a specific gray level is judged by the 
ratio of the shaded area to the full dot size. To avoid a 
sudden brightness change which is unpleasant to the 
human eye, the altered enhancement dot 649 is calcu 
lated as a fraction of its neighboring dot 651 which, 
according to the EET method disclosed in the Lung 
patent, is designated a TBAP. The illustrated process 
offers a subtle compensation to increase the edge sharp 
ness without interfering with the original image data. 

In operation, referring to FIG. 20, the dots 660 which 
form the edge of an object 662, regardless of whether it 
is a simple black and white character or a multibit gray 
scale image, are extracted by the pixel extractor 614 
(FIG. 16), and depending on their size relationship to 
the selected threshold, are converted to binary states to 
develop a binary edge segment format as illustrated at 
663. A binary representation in the present invention is 
defined as either having a positive response value or 
having a value below the threshold value. In the illus 
trated example, the threshold value is said to be set at 
100% gray (black) to extract only black edge segments 
and to ignore all other gray levels. As a consequence, 
the output of the pixel extractor 614, to be loaded into 
FIFO 602, would, as indicated at 663, consist of a col 
lection of black pixels 660 surrounding a plurality of 
white pixels 664. By applying this input to the EET 
components 600, the edge segment transitions will be 
smoothed by repositioning dot locations, as indicated at 
266, and by modifying dot sizes, as indicated at 668. 
After smoothing the edge segments, the interior dots 
filtered out by the threshold setting in extractor 614 are 
set back to their gray levels as indicated at 672. The 
pixel extractor 614 allows a programmable threshold to 
be selected for fine tuning of the operation. 

Stated alternatively, as illustrated in FIG. 17, the 
multibit input data stream passes through the threshold 
subsystem to be separated into two groups. The pixels 
with gray level greater than or equal to the selected 
threshold are assigned a value “1” while the pixels with 
gray level less than the threshold value are set to "0". 
The two types of pixels, namely ON and OFF dots, are 
stored in the FIFO 602 to be examined by the edge 
enhancement sensor (EES) of the EET unit 600 as de 
scribed in the above referenced Lung patent. 
An alternative illustration depicted in FIG. 18 shows 

a four bit data stream 670 in hex format being fed into a 
threshold subsystem 614 having a preset threshold value 
as indicated at 615. The resulting output at 617 is a 
bilevel representation of the multibit input format. 
More specifically, the EES 604 (FIG. 16) receives 

data from FIFO 602 in a sequential manner and invokes 
first edge detector 606 and then segment change detec 
tor 608 to examine whether the TBAP (To Be Adjusted 
Pixel) needs any modification to smooth the edge transi 
tion. Should an adjustment of a TBAP be necessary, the 
EES subsystem 604 will cause the address generator 610 
to develop an address code for input to the lookup table 
612 where the predefined appropriate modulation code 
associated with the current condition is stored. A de 
tailed execution process for FIFO 602, Edge Detector 
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606, Segment Change Detector 608, Address Generator 
610, and Lookup Table 612 is disclosed above with 
regard to the description of FIGS. 9b et seq. However, 
in this embodiment, the data format of the modulation 
code output by lookup table 612 is an M-bit code where 
M is the number of bits of the input data format. The 
M-bit modulation output code from lookup table 612 is 
passed to the ratio corrector unit 618 which responds to 
the original dot information contained in latch 620 to 
modify the output code. Since the current M-bit code 
has a specific gray value (e.g. 1000 in a four bit for 
mat=8/16=50%), by combining the original dot size 
(N%) with the current modulation ratio (M%) the ratio 
corrector unit 618 can generate a desired compensation 
value at node 623 to smooth the current segment transi 
t1On. 
The pulse generator 624 reads in the correction value 

and generates a corresponding pulse signal at 625. For a 
laser marking engine to obtain the other group of input 
data which falls below the threshold point, the original 
multibit video input signal is converted into various dot 
sizes to simulate the gray palette 632. Thus, a 4-bit 
value, such as 1000, is converted to map into a 50% 
monochrome dot size. By joining different dot pulses 
generated from the Gray Palette with the output from 
the pulse generator 624, using the multiplexer 626, a 
laser marking engine driven by the combined signals 
can simulate print quality close to that of a true gray 
scale device with the edge transitions smoothed. If the 
target output device is not a laser marking engine but is 
instead a true variable-dot-size gray scale print device 
which accepts multi-bit data input, the M-bit correction 
value at node 623 and the original multibit video input 
are sent into the multiplexer 628 to generate the com 
bined and modified image video data with certain edges 
enhanced. 
Although the present invention has been described 

above in terms of an apparatus for enhancing the output 
of a laser printer or a gray scale engine, it will be under 
stood by those skilled in the art that the present inven 
tion can likewise be implemented to control the inten 
sity of the cathode ray beam, or beams, in a video dis 
play device or similar apparatus. It is therefore intended 
that the appended claims be interpreted to cover all 
alterations, modification and applications that fall 
within the true spirit and scope of the invention. 
What is claimed 
1. A method for enhancing the displayed image of a 

print or display apparatus, comprising the steps of: 
generating a set of gradient masks each of which 

represents a plurality of edge segment transition 
conditions and includes a matrix of “axb' cells, 
each cell of which is assigned a numerical weight 
corresponding to the relative lightness or darkness 
of the corresponding pixel of an image having an 
edge segment passing through a center pixel of the 
matrix; 

generating a data signal including a plurality of multi 
bit data terms representative on a pixel-by-pixel 
basis of a bit map image to be printed or displayed; 

evaluating each said multi-bit data term, and if the 
value thereof is equal to or greater than a predeter 
mined threshold value, then generating a data bit of 
a first state, if the value is less than said threshold 
value, then generating a data bit of a second state; 

storing in temporary storage means a predetermined 
number of consecutive data bits in a predetermined 
number of consecutive lines of said bit map image; 
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14 
selecting subsets of said data bits forming a sample 

matrix of "axb' data bits, the central bit of each 
sample matrix being a candidate for modification; 

convolving each said sample matrix with each said 
gradient mask to detect those sample matrices hav 
ing an edge segment passing through their central 
data bit, said edge segment being defined as a series 
of adjacent aligned data bits of the same data state 
forming a straight line having a single slope, and to 
determine the direction of a gradient change; 

generating a set of reference bit patterns each of 
which includes a subpattern of bits corresponding 
to one possible combination of data bits of the same 
data state aligned in one or more edge segments, 
said pattern including an "axb' matrix of data bits, 
a first predetermined number of data bits disposed 
adjacent one side of said matrix, and a second pre 
determined number of data bits disposed adjacent 
another side of said matrix; 

comparing each said sample matrix having an edge 
segment passing through its central data bit, a pre 
determined number of adjacent previously evalu 
ated data bits, and a predetermined number of adja 
cent yet to be evaluated data bits to each pattern of 
at least a sub-set of said set of reference bit patterns; 

generating for each match found to a reference bit 
pattern including a predetermined type of segment 
transition, a modification signal for modifying the 
central data bit of said sample matrix dependent 
upon the type of transition detected; 

combining each said modification signal with its cor 
responding multi-bit data term to generate a com 
pensated value signal; 

using each said compensated value signal to generate 
a compensated signal pulse which during at least a 
portion of its period is of a first data state, or is of 
a second data state for the duration of its period; 

using each said multi-bit data term to develop a corre 
sponding percent gray signal; and 

using each said compensated signal pulse of said first 
state to cause a print or display apparatus to de 
velop a corresponding output, but if said compen 
sated value signal is of said second state, then using 
the corresponding percent gray signal to cause the 
print or display apparatus to develop a correspond 
ing output. 

2. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 1 wherein 
the convolving of each said sample matrix with each 
Said gradient mask is accomplished using boolean alge 
bra. 

3. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 2 wherein 
a is equal to 3 and b is equal to 3. 

4. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 2 wherein 
during said convolution step all said gradient masks are 
simultaneously convolved with the sample matrix. 

5. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 2 wherein 
during said comparison step a subset of said reference 
bit patterns is simultaneously compared to said sample 
matrix and its said previously and yet to be evaluated 
adjacent bits. 

6. A method for enhancing the displayed image of a 
display apparatus as recited in claim 2 wherein said 
compensated signal pulse causes the dot normally repre 
senting the central bit to be replaced by one or more 
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subdots having special characteristics different from the 
dot replaced. 

7. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 1 wherein 
a is equal to 3 and b is equal to 3. 5 

8. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 1 wherein 
during said convolution step all said gradient masks are 
simultaneously convolved with the sample matrix. 

* 9. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 8 wherein 
during said comparison step a subset of said reference 
bit patterns is simultaneously compared to said sample 
matrix and its said previously and yet to be evaluated 
adjacent bits. 

10. A method for enhancing the displayed image of a 
display apparatus as recited in claim 8 wherein said 
compensated signal pulse causes the dot normally repre 
senting the central bit to be replaced by one or more 
subdots having special characteristics different from the 
dot replaced. 

11. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 1 wherein 
during said comparison step a subset of said reference 
bit patterns is simultaneously compared to said sample 
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matrix and its said previously and yet to be evaluated 
adjacent bits. 

12. A method for enhancing the displayed image of a 
30 

compensated signal pulse causes the dot normally repre 
senting the central bit to be replaced by one or more 
subdots having special characteristics different from the 
dot replaced. 

13. A method for enhancing the displayed image of a 35 
print or display apparatus as recited in claim 12 wherein 
said subdots change the apparent width and/or height 
of the dot replaced. 

14. A method for enhancing the displayed image of a 
display apparatus as recited in claim 1 wherein said 
compensated signal pulse causes the dot normally repre 
senting the central bit to be replaced by one or more 
subdots having special characteristics different from the 
dot replaced. 

15. A method for enhancing the displayed image of a 45 
print or display apparatus as recited in claim 14 wherein 
said subdots change the apparent width and/or height 
of the dot replaced. 

16. A method for enhancing the displayed image of a 
gray scale print or display apparatus, comprising the 
steps of: 

generating a set of gradient masks each of which 
represents a plurality of edge segment transition 
conditions and includes a matrix of 'axb' cells, 
each cell of which is assigned a numerical weight 
corresponding to the relative lightness or darkness 
of the corresponding pixel of an image having an 
edge segment passing through a center pixel of the 
matrix; 

generating a data signal including a plurality of multi 
bit data terms representative on a pixel-by-pixel 
basis of a bit map image to be printed or displayed; 

evaluating each said multi-bit data term, and if the 
value thereof is equal to or greater than a predeter- 65 
mined threshold value, then generating a data bit of 
a first state, if the value is less than said threshold 
value, then generating a data bit of a second state; 
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16 
storing in temporary storage means a predetermined 
number of consecutive data bits in a predetermined 
number of consecutive lines of said bit map image; 

selecting subsets of said data bits forming a sample 
matrix of “axb' data bits, the central bit of each 
sample matrix being a candidate for modification; 

convolving each said sample matrix with each said 
gradient mask to detect those sample matrices hav 
ing an edge segment passing through their central 
data bit, said edge segment being defined as a series 
of adjacent aligned data bits of the same data state 
forming a straight line having a single slope, and to 
determine the direction of a gradient change; 

generating a set of reference bit patterns each of 
which includes a subpattern of bits corresponding 
to one possible combination of data bits of the same 
data state aligned in one or more edge segments, 
said pattern including an 'axb' matrix of data bits, 
a first predetermined number of data bits disposed 
adjacent one side of said matrix, and a second pre 
determined number of data bits disposed adjacent 
another side of said matrix; 

comparing each said sample matrix having an edge 
segment passing through its central data bit, a pre 
determined number of adjacent previously evalu 
ated data bits, and a predetermined number of adja 
cent yet to be evaluated data bits to each pattern of 
at least a sub-set of said set of reference bit patterns; 

generating for each match found to a reference bit 
pattern including a predetermined type of segment 
transition, a modification signal for modifying the 
central data bit of said sample matrix dependent 
upon the type of transition detected; 

combining each said modification signal with its cor 
responding multi-bit data term to generate a com 
pensated value signal; 

using each said compensated signal pulse to cause a 
gray scale print or display apparatus to develop a 
corresponding output, but in the absence of a con 
pensated value signal, using the multi-bit data term 
to cause the gray scale print or display apparatus to 
develop a corresponding output. 

17. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 16 wherein 
the convolving of each said sample matrix with each 
said gradient mask is accomplished using boolean alge 
bra. 

18. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 17 wherein 
a is equal to 3 and b is equal to 3. 

19. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 17 wherein 
during said convolution step all said gradient masks are 
simultaneously convolved with the sample matrix. 

20. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 17 wherein 
during said comparison step a subset of said reference 
bit patterns is simultaneously compared to said sample 
matrix and its said previously and yet to be evaluated 
adjacent bits. 

21. A method for enhancing the displayed image of a 
display apparatus as recited in claim 17 wherein said 
compensated signal pulse causes the dot normally repre 
senting the central bit to be replaced by one or more 
subdots having special characteristics different from the 
dot replaced. 
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22. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 16 wherein 
a is equal to 3 and b is equal to 3. 

23. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 16 wherein 
during said convolution step all said gradient masks are 
simultaneously convolved with the sample matrix. 

24. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 23 wherein 
during said comparison step a subset of said reference 
bit patterns is simultaneously compared to said sample 
matrix and its said previously and yet to be evaluated 
adjacent bits. 

25. A method for enhancing the displayed image of a 
display apparatus as recited in claim 23 wherein said 
compensated signal pulse causes the dot normally repre 
senting the central bit to be replaced by one or more 
subdots having special characteristics different from the 
dot replaced. 

26. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 16 wherein 
during said comparison step a subset of said reference 
bit patterns is simultaneously compared to said sample 
matrix and its said previously and yet to be evaluated 
adjacent bits. 

27. A method for enhancing the displayed image of a 
display apparatus as recited in claim 26 wherein said 
compensated signal pulse causes the dot normally repre 
senting the central bit to be replaced by one or more 
subdots having special characteristics different from the 
dot replaced. 

28. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 27 wherein 
said subdots change the apparent width and/or height 
of the dot replaced. 

29. A method for enhancing the displayed image of a 
display apparatus as recited in claim 16 wherein said 
compensated signal pulse causes the dot normally repre 
senting the central bit to be replaced by one or more 
subdots having special characteristics different from the 
dot replaced. 

30. A method for enhancing the displayed image of a 
print or display apparatus as recited in claim 29 wherein 
said subdots change the apparent width and/or height 
of the dot replaced. 

31. Apparatus for enhancing the output of a print or 
display device which produces an image in dot matrix 
format, comprising: 

means for generating a set of gradient masks each of 
which represents a plurality of edge segment tran 
sition conditions and includes a matrix of “axb' 
cells each cell of which is assigned a numerical 
weight corresponding to the relative lightness or 
darkness of the corresponding pixel of an image 
having an edge segment passing through a center 
pixel of the matrix; 

means for generating a data signal including a plural 
ity of multi-bit data terms representative on a pixel 
by pixel basis of a bit map image to be printed or 
displayed; 

means for evaluating each said multi-bit data term, 
and if the value thereof is equal to or greater than 
a predetermined threshold value, then generating a 
data bit of a first state, if the value is less than said 
threshold value, then generating a data bit of a 
second state; 

storage means for temporarily storing a predeter 
mined number of consecutive bits in a predeter 
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mined number of consecutive lines of said bit map 
image; 

means for selecting subsets of said bits forming a 
sample matrix of “axb' bits, the central bit of each 
sample matrix being a candidate for modification; 

means for convolving each said sample matrix with 
each said gradient mask to detect those sample 
matrix having an edge segment passing through 
their central bit, said edge segment being defined as 
a series of adjacent aligned data bits of the same 
data state forming a straight line having a single 
slope, and to determine the direction of a gradient 
change; 

means for generating a set of reference bit patterns 
each of which includes a sub-pattern of bits corre 
sponding to one possible combination of bits of the 
same data state aligned in one or more edge seg 
ments, said pattern including an "axb' matrix of 
bits, a first predetermined number of bits disposed 
adjacent one side of said matrix, and a second pre 
determined number of bits disposed adjacent an 
other side of said matrix; 

means for comparing each said sample matrix having 
an edge segment passing through its central bit, a 
predetermined number of adjacent previously eval 
uated bits, and a predetermined number of adjacent 
yet to be evaluated bits to each pattern of at least a 
sub-set of said set of reference bit patterns; 

means for generating, for each match found to a ref 
erence pattern including a predetermined type of 
segment transition, a modification signal for modi 
fying the central bit of said sample matrix depen 
dent upon the type of transition detected; 

means for combining each said modification signal 
with its corresponding multi-bit data term to gener 
ate a compensated value signal; 

means responsive to said compensated value signal 
and operative to generate a compensated signal 
pulse which during at least a portion of its period is 
of a first data state, or is of a second data state for 
the duraction of its period; 

means for converting each said multi-bit data term 
into a corresponding percent gray signal; and 

means for determining whether or not each said com 
pensated signal pulse is of said first data state and 
for transmitting each said compensated signal pulse 
of said first state to a print or display apparatus to 
develop a corresponding output, but if said com 
pensated signal pulse is of said second state, then 
causing the corresponding percent gray signal to 
be transmitted to the print or display apparatus to 
develop a corresponding output. 

32. Apparatus for enhancing the output of a print or 
display apparatus as recited in claim 31 wherein said 
means for convolving includes: 
edge detector means for detecting the existence of an 
edge segment in a sample matrix, and 

segment change detection means for detecting a seg 
ment change within the sample matrix. 

33. Apparatus for enhancing the output of a print or 
display apparatus as recited in claim 32 wherein said 
segment change detector includes vertical segment 
change detecting means and horizontal segment change 
detecting means. 

34. Apparatus for enhancing the output of a print or 
display apparatus as recited in claim 31 wherein said 
means responsive to includes modulation logic means 
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for modulating the display drive signal of said print or 
display device. 

35. Apparatus for enhancing the output of a print or 
display apparatus as recited in claim 34 wherein said 
modulation logic means includes a plurality of program 
mable modulation registers for containing predeter 
mined addressable modulation control signals. 

36. Apparatus for enhancing the output of a print or 
display apparatus as recited in claim 35 wherein said 
apparatus is embodied in an application specific inte 
grated circuit device which can be added to a conven 
tional display device. 

37. Apparatus for enhancing the output of a print or 
display apparatus as recited in claim 35 wherein said 
modulation logic means is adapted to support an exter 
nal ROM/PAL containing additional predetermined 
addressable modulation control signals. 

38. Apparatus for enhancing the output of a print or 
display device which produces an image in dot matrix 
format, comprising: 
means for generating a set of gradient masks each of 
which represents a plurality of edge segment tran 
sition conditions and includes a matrix of 'axb' 
cells each cell of which is assigned a numerical 
weight corresponding to the relative lightness or 
darkness of the corresponding pixel of an image 
having an edge segment passing through a center 
pixel of the matrix; 

means for generating a data signal including a plural 
ity of multi-bit data terms representative on a pixel 
by pixel basis of a bit map image to be printed or 
displayed; 

means for evaluating each said multi-bit data term, 
and if the value thereof is equal to or greater than 
a predetermined threshold value, then generating a 
data bit of a first state, if the value is less than said 
threshold value, then generating a data bit of a 
second state; 

storage means for temporarily storing a predeter 
mined number of consecutive bits in a predeter 
mined number of consecutive lines of said bit map 
image; 
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means for selecting subsets of said bits forming a 
sample matrix of “axb' bits, the central bit of each 
sample matrix being a candidate for modification; 

means for convolving each said sample matrix with 
each said gradient mask to detect those sample 
matrix having an edge segment passing through 
their central bit, said edge segment being defined as 
a series of adjacent aligned data bits of the same 
data state forming a straight line having a single 
slope, and to determine the direction of a gradient 
change; 

means for generating a set of reference bit patterns 
each of which includes a sub-pattern of bits corre 
sponding to one possible combination of bits of the 
same data state aligned in one or more edge seg 
ments, said pattern including an "axb' matrix of 
bits, a first predetermined number of bits disposed 
adjacent one side of said matrix, and a second pre 
determined number of bits disposed adjacent an 
other side of said matrix; 

means for comparing each said sample matrix having 
an edge segment passing through its central bit, a 
predetermined number of adjacent previously eval 
uated bits, and a predetermined number of adjacent 
yet to be evaluated bits to each pattern of at least a 
sub-set of said set of reference bit patterns; 

means for generating, for each match found to a ref. 
erence pattern including a predetermined type of 
segment transition, a modification signal for modi 
fying the central bit of said sample matrix depen 
dent upon the type of transition detected; 

means for combining each said modification signal 
with its corresponding multi-bit data term to gener 
ate a compensated value signal; 

means for combining each said modification signal 
with its corresponding multi-bit data term to gener 
ate a compensated value signal; 

means responsive to each said compensated signal 
pulse and operative to cause a gray scale print or 
display apparatus to develop a corresponding out 
put, but in the absence of a compensated value 
signal, responsive to the multi-bit data term and 
operative to cause the gray scale print or display 
apparatus to develop a corresponding output. 
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